Human mesenchymal stem cells (hMSCs) constitute of cells having potential of self-renewal and proliferation and are commonly isolated from bone marrow aspirates of large bones. The osteogenic potential of these stem cells has been extensively exploited by scientists during the last many years for the biological evaluation of synthetic scaffolds with applications in tissue engineering. Current work aimed to synthesize N-arylhydrazone derivatives of orotic acid and Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16
their evaluation as stimulators of human mesenchymal stem cells. Some of the analogs show good to moderate proliferation rate.
Introduction:
Heterocycles and heterocyclic derivatives are continuously serves as a versatile tool to synthesize variety of natural product due to the presence of various chromophores (1) (2) (3) (4) (5) . Pyrimidine carboxylic acid which is commonly called as orotic acid is a well known compound and found in many naturally occurring products like, milk whey and serves as an intermediate in the biosynthesis of pyrimidine which is an essential component in DNA and RNA synthesis.
Moreover, orotic acid is also reported to enhance cardiac output and aid in recovery from heart failure. It also has growth stimulant effects in mammals and may assist in absorption of calcium, magnesium and other essential nutrients. It has also been reported that orotic acid is used to reduce the level of bilirubin in infants and is also useful for the treatment of gout. Many orotic acid analogues have shown promising results against antitumor and antimicrobial activities.
Some of them also serve as enzyme inhibitors and gain the attention of chemists and molecular biologists (6) (7) (8) (9) . Hydrazones constitutes an important class of compounds in organic synthesis due to azomethine group being part of the molecule. In addition, hydrazones and hydrazides are considered as one of the most useful synthetic intermediate to synthesize variety of molecules and possible drug candidates (10) . Since many years, hydrazones derivatives have been the focus of interest for many synthetic chemists and biologists because of the synthetic importance and the biological activity associated with them. The pharmacological profile includes their antimicrobial, antiviral, anticancer and anti inflammatory activities. The bioactivity of the hydrazide-hydrazone analogues is apparently not limited to the core moiety but also depends on the molecules attached to the terminal nitrogen. It is long been known that introduction of aromatic molecules to the heterocyclic system results in more potent molecules (11) (12) (13) . pyrrolopyrimidine, pyrazolopyrimidine, pyridazines, and hydrazones which lend appropriate chemical concern to look into modulate complex cellular mechanism (14) (15) (16) (17) (18) . However, to the best of our knowledge, an application with pyrimidine carboxylic acid has not yet been reported.
Keeping in mind the biological potential of orotic acid and in continuation to our interest in hydrazone-hydrazide chemistry, the present works describe the preparation of N-arylhydrazones starting from orotic acid. Current research work also presents the stem cell proliferation potential of hydrazone derivatives with human stromal stem cells which was never studied before. 
Alamar Blue Cell Viability Assay:
Cell viability was measured using alamar blue assay according to the manufacturer's recommendations (AbD Serotec, Raleigh, NC, USA). In brief, we cultured cells in 96-well plates in 100μl of the appropriate medium and at the indicated time point, and 10μl of Alamar Blue substrate was added and plates were incubated in the dark at 37°C for 1h. Reading was subsequently taken using fluorescent mode (Ex 530nm/Em 590nm) using BioTek Synergy II microplate reader (BioTek Inc., Winooski, VT, US.
Chemistry:
All solvents and reagents were purchased from Aldrich Chemical Co and were used as obtained.
IR spectra were recorded with a Perkin-Elmer spectrum BX FT-IR spectrometer using KBr pellets.
1 H and 13 C NMR spectra were recorded on a Bruker instrument (500 and 125 MHz, respectively) in DMSO-d6, Mass spectra were obtained on a JEOL JMS-700 mass spectrometer, General procedure for the synthesis of compound 2 and 3 (19) .
To a solution of orotic acid 1 (2 mmol) in ethanol/butanol (50 mL) was added catalytic amount of HCl. The resulting mixture was refluxed for 10 h with stirring followed by the evaporation of solvent in vacuo. The resulting solid obtained was washed with cold water several times, recrystallized with ethanol-water mixture afforded compounds 2 and 3. 
Discussion:
Stem cells are characterized by their extensive capability to self-renewal and differentiate into at least one, and usually more, mature cell types in presence of appropriate signals or small molecules which promote stem cells maintenance and specific differentiation 19, 20 . The current paper is focused on the synthesis of heterocyclic molecules specially modulated to enhance cell differentiation in mesenchymal stem cells.
Owing to low solubility in organic solvents, orotic acid has never been a choice as starting material for chemists therefore; very few reports are available on the synthesis of its analogues.
To resolve this problem, esterification of orotic acid was carried out in butanol following the reported procedure. The product obtained was recrystallized in ethanol-water (3:1) at room temperature to obtain crystals suitable for x-ray crystallography for compound 2 (fig 1) .
However, the cumbersome workup, low yield and toxicity restrict the wide application of this All the synthesized compounds were evaluated on human bone marrow mesenchymal stem cells (hMSCs), and the results are collected in Table 1 , 2 and 3. Cells were treated with the test compounds at concentrations ranging from 5.0 to 50 μg/mL in triplicate for 48 h. Moreover, the cells were investigated for additional three days to ensure the effect of these compounds on hMSCs. It was clearly observed that after day 1 at high concentration (500 μM) almost every compound including DMSO had slowed their proliferation completely except for sample 1, 6 and 9. This effect was more prominent at lower concentrations where the same compounds had significantly higher proliferation rate then the other compounds and DMSO (Graph 1). However at lower concentrations other compounds also showed significant up regulation such as, at 250 μM: 1 and 3, and at 10 μM sample 2 also showed significant difference, it was only 7 which did not have any effect on proliferation at day 1. Same pattern was followed on day 2 also, all the compounds at the highest concentration (500 μM) slowed the proliferation however 1, 6 and 9 still had significant higher proliferation rate. And at lower concentrations 50 and 10 μM beside 7
all compounds showed significant up regulation of proliferation (Graph 1). However, at day 5 only 1 was significantly higher at the highest concentration and 7 showed no change or lower proliferation at 50 μM (Graph 1). Other compounds exhibit less significant effect on proliferation which shows that substituent's plays a role in stem cell proliferation.
